A truly automated recording system is one which measures the parameters selected and requires nothing more than attaching the monitors to the patient. It should be capable of being easily and rapidly started when appropriate. The user should then be able to enter quantitative and qualitative information about drug and fluid therapy in a manner which is less distracting than the present long-hand method. A system is described which has gone a considerable way towards achieving good automated physiological monitoring. The system has not resolved the problems of data entry which must be overcome before such equipment is made available for general use. The problems of automation which we encountered are presented and some possible solutions considered.
The anaesthetic record is an important document in the patient's medical history. Its function in the first instance is to improve patient care by serving as an aid to the anaesthetist in managing the anaesthetic and to other personnel involved in the patient's management. The record may then be used for other purposes such as learning, teaching, housekeeping (the use of available information to assist in the running of a department or practice), research or epidemiological studies. 1 ,2 If the record is to be useful for such purposes it needs to be detailed, comprehensive and accurate.
In order to achieve these aims the information recorded on the anaesthetic charts must be analysed. Such analysis can be facilitated by computerisation of the manually generated records. 3 However, the generation of the record is a distracting task which involves monitoring patient parameters and then recording these on a chart as well as entering other relevant data. The completed charts then have to be collected and the data entered. Present methods require that most of the information be transcribed manually into the computer. This is prone to errors arising from loss of the record prior to its entry into the computer, from incomplete records and from transcription errors. It is also time-consuming, involving duplication of data entry (once at the time of recording and then again at the time of keying data into the computer), and this is particularly bad when physiological data is being entered. An audit trail can be used to minimise the errors but this aggravates the time problem and wastes paper. Automatic generation of the record bypasses most of these errors.
A system is described which has overcome many of the problems of automating physiological recording but which has highlighted the difficulties of the entry of drugs and other information.
AUTOMA nON OF THE RECORD Automation of the anaesthetic record avoids the need for transcription of data thereby eliminating those errors associated with entering data from a manually generated record into a computer. However, the process of automation introduces other errors and problems. 4 Not all aspects of the anaesthetic record can be computerised or automated satisfactorily since they rely on the existence of a device which automatically measures a parameter, stores that measurement and then displays it. Devices are now available for the automated monitoring of heart rate and blood pressure but not for quantifying or measuring parameters such as skin colour, pupillary size and reactivity, sweating, or blood loss. These cannot be automated until such time as appropriate devices are developed. It is important to recognise that automation does not imply the necessity for monitoring any parameters over and above those normally selected in any given situation. It is also important to point out that the intention of automation is simply to improve the recording of the parameters and the events during an anaesthetic and free the anaesthetist from those distractions and so improve vigilance 5 and patient care.
An additional reason for automating records is that such records are of better quality with more frequent and more accurate recording of physiological parameters, especially at times when the anaesthetist is occupied performing some other task. 4 The extra information may be useful to the anaesthetist by providing a physiological data base. This, together with the distraction-free method of recording, should free the anaesthetist from such routine, repetitive and tiring chores and enhance the decision-making process.
In pursuit of the objective to improve vigilance and patient care we designed and developed an interface and programmed a Toshiba T300 microcomputer which we used to automate our anaesthetic records.
A specific advance of this system was its ability to effectively time-share between monitoring and the other functions such as drug and fluid entry. Thus it was possible to enter other information while the monitoring and storing function continued, so that physiological information was not lost during such processes. On returning to the screen used for recording the anaesthetic chart the 'missed data' was plotted. Another feature of the system was its method of data handling. In particular, it used a technique of instantaneous sampling of parameters which reflect physiological changes more accurately than averaging. 6 In addition, error-handling routines were incorporated to cope with random errors and artefacts.
The system's high resolution screen was able to display in individual colours, on a grid, parameters such as blood pressure, pulse rate, respiratory rate, end-tidal carbon dioxide concentration and temperature. These were automatically updated and plotted every minute, as well as being displayed as continually updated digital readings at the top of the screen. Each minute the parameters were stored in the computer's volatile memory (RAM) at a specific location and then, at the end of the procedure, all the data was transferred to a permanent storage medium (magnetic disc). The facility to monitor other parameters such as central venous pressure, pulmonary capillary wedge pressure, inspired oxygen tension, transcutaneous oxygen tension and muscle twitch was included, and was able to be displayed in digital form at the top of the screen. A printout on the anaesthetic record was generated by our automated system at the end of the procedure. However, the process of automation presented a number of problems which need to be addressed with respect to the further research and development that is necessary prior to the acceptance of such a system for routine clinical use. .
PROBLEMS WITH AUTOMATION

Limitations of computerisation
Computerisation has limitations in its ability to deal with certain types of information. Numerical information can be manipulated in many useful ways and its storage requires less space in memory than alphabetical data.
Manipulation of alphabetical information is limited purely to sorting of that data. An anaesthetic record necessarily contains some alphabetical information and therefore, with the entry of free text being slow in the absence of typing skills, and prone to error, this sort of information is of limited value, especially as it cannot be processed mathematically or statistically.
Similarly, morbidity studies are difficult to computerise because they necessarily involve the use of free text in place of an inordinately large and unworkable number of numerically coded alternatives. Also, as studies include a thorough postoperative investigation of the circumstances they cannot be automated.
Therefore, computerisation is only of limited value in that not all information can be computerised or automated.
Time
In a sophisticated automated system, simply turning on the power and connecting patient monitors to the system should be all that is required from the user. Further data entry should be simple, rapid, and not distracting. Any system which is either more difficult to use or slower than a manual record is doomed to fail because it will require user training and will prove to be time-consuming both in training and in data entry. Similarly, a system which is not less distracting than a manual system is failing to achieve its main aim of improving patient care, even if the quality of the record is better.
Initial data entry in relation to patient identity and other relevant information is required at the beginning of each case. Our solution to this time-consuming problem is to bypass this step and not require the user to perform this task. In our hospital the necessary information is present on a mainframe computer. By allowing the microcomputer to communicate directly with the mainframe all that the user will be required to do to access that information is to type the patient's unit record (UR) number which will then automatically yield the predetermined relevant information.
Recording of fluid and drug administration, as well as other operative information, proved most difficult and remains unsolved. It was not possible to automate this function as there were no readily available devices for monitoring and controlling the administration of muscle relaxants and fluids. The recording of an agent administered as a bolus was relatively simple, but where agents were administered over a period of time there was no easy way of indicating the start and finish of the administration without considerable distraction. Nor could alterations in concentrations or rates of administration of such agents be simply recorded via the keyboard. Despite considerable planning and work, the keyboard entry of this information was much slower than using a manual record, more distracting, and not on a real time basis. An alternative form of entry is necessary. Such alternatives include:
(i) Light pen: This allows a series of options to be displayed on a screen and the user selects the appropriate alternatives by touching the computer screen with the pen at the appropriate spot next to the desired response. 7 This form of entry is relatively popular because it requires little training and data can be entered fairly quickly. However, it is distracting because it requires the user to look away from the patient to the computer screen and touch the screen with the pen. Also, it is not a real time entry.
(ii) Graphics tablet. This is a device that can be used like an ordinary chart and data can be entered on the tablet, the data then being displayed on the screen. This is more in keeping with standard practices of recording, but is still distracting and not real time, and requires some training in its use.
(iii) Voice recognition device. This is a device which allows the computer to receive and interpret verbal information from the user who t uses it as if it were a tape recorder. This form of input is least distracting to the anaesthetist and permits drugs and fluids to be entered on a real time basis at the time they are administered. Also, limited free text, such as remarks, may be entered via this mode. Voice recognition devices with limited vocabularies are available already, but sophisticated devices with much larger vocabularies adequate for anaesthetic records purposes are becoming available. These will be expensive in the first instance and will require some training on the part of the users, as well as the need to teach the device its vocabulary and to recognise individual voices.
Data processing and storage
The process of automating monitoring involves several steps. Signals from monitors must first be accessed, implying a direct connection between the monitor and the interface of the computer. The monitors must be modified to achieve this and unless done correctly the equipment may be rendered electrically unsafe. Also, the warranty may become void. There are a number of monitors available now fitted with output plugs which can be connected directly to a computer. These are mainly RS232 plugs providing a digital signal which can then be further processed by a computer. These plugs overcome the problems of electrical safety and warranty; however, these types of communication ports have a comparatively slow rate of communication.
Once a pathway has been established for transfer of data from the monitor to the computer via the interface, the next task is to ensure that the signals received reflect changes in patient parameters rather than artefacts. Error-handling routines cope with errors arising from the use of diathermy in the presence of equipment which does not have filters to filter out such interference, or from calf stimulators, or from limb movement during a blood pressure measurement or pulse rate estimation. However, errors arising from calibration errors, cannula/manometer errors, moisture in the sampling tube of a capnograph, progressive compression by a plethysmograph, zero errors or poor electrode contact will produce persistent errors which either may not be recognised or may not be readily rectifiable. Apart from trying to prevent these errors there is no satisfactory way of dealing with them, and therefore they remain a serious drawback to automation, as well as producing a feeling of insecurity about the consistency and reliability of the parameters displayed. Fortunately these sorts of errors are infrequent in our experience, but they are a considerable nuisance and a source of frustration to the user when they occur. It is for reasons such as this that automated systems must have the facility to allow manual data entry.
The data, having been processed and displayed on the computer screen, then needs to be transferred to a permanent storage medium. The problems contained in this process centre around the fact that if there is any power loss to the computer prior to storing any data it will all be lost. The only way of avoiding this is to transfer data after each measurement to a nonvolatile storage medium such as a magnetic disc. However, this is a time-consuming task for the computer and it becomes progressively worse as more data is stored on the disc. Therefore, it is more practical to transfer data intermittently at preset intervals. This allows a compromise between speed and potential for loss of data ansmg from power failure. Another alternative is to save all the data at the end of the procedure as with our system. However, the success of such a system relies on the use of batteries which can be charged from the mains supply while providing power to the system, and then being capable of continuing to supply power until the mains supply is restored.
Once data has been transferred to disc there is still no guarantee that it is or will remain safely stored as discs can be corrupted, disrupted, mistreated or lost; and even if they escape these hazards they still only have a finite lifetime of several years. Therefore, if they are to be stored for long periods, they need to be copied regularly. Of course, at the end of the procedure our system prints out a hardcopy of the record which can then be placed into the patient's history providing a very practical method of long-term storage of the record.
Practicality
Automation introduces problems on a practical level. The prefix 'micro' III microcomputer refers to the processing capacity compared with mainframe computers rather than the size of the unit, which is not inconsiderable with many microcomputers still available. This is a drawback in situations where space may be limited. The presence of a microcomputer with its screen and keyboard together with the equipment used to monitor patients may take up a considerable amount of space. Care is needed to ensure that the system does not encroach on the surgeon's available space as this is sure to attract an unfavourable response and attitude, and that it does not confine the anaesthetist who will not use the system under such conditions. Newer, smaller microcomputers are being designed and manufactured because it has been recognised that bulk and size pose problems in certain applications. Monitors too are being reduced in size for similar reasons. However, they are still relatively large and present a perception of invasion of space. A well-designed trolley may be a means of reducing the impact and appearance of bulk.
Related in part to the problem of size is the problem of portability or lack of it. Where a patient is connected to a monitor by leads or cables and the monitors are connected to a computer by separate cables it is very difficult to transport the patient, monitors and computer all together and for all to remain attached. Such a situation may arise, for example, when inducing anaesthesia in the anaesthetic room and then transporting the patient to the operating theatre. It is likely that the patient will not be connected to the monitors until arrival in the operating theatre after induction. The system will therefore not be utilised to its full extent and will fail to achieve its objective of improved patient care under these conditions because the patients are unlikely to be monitored at the times they are most susceptible, viz. during induction of anaesthesia and during transport.
A possible method for resolving this problem might be to use the technique of telemetry which uses a frequency modulated (FM) transmitter capable of transmitting signals arising from the monitors over short distances to the computer and so eliminate the need for leads or cables between patients and monitors. Telemetry involves 'state of the art' technology with each signal from each monitor being transmitted and then appropriately filtered by a receiver to produce the appropriate signal at each monitor. The potential for interference when two systems are in close proximity is present but very small, as each system can be tuned in to its own frequency. Not only would this free the patient physically from tetherings to monitors but could also further simplify the process of connecting the various cables and permit monitoring in the anaesthetic room, operating theatre and recovery room without having to move the computer.
In the interim it may be prudent to consider a 'semi-automated' system which combines automated monitoring with manual recording of the remaining information on a separate chart at least until technology advances sufficiently to overcome the above problems. Considerable technological advance will be necessary to provide reliability of equipment as well as easy, non-distracting methods of data entry, at which time it may be feasible to attempt full automation of the anaesthetic record.
Anaesthesia and Intensive Care. Vol. 14, No. 4, November, 1986 CONCLUSION Automation of the anaesthetic record provides considerable benefits on two levels. First, recording, charting and generation of the record provides an excellent, high quality trend display of monitored parameters. Second, the quality and quantity of the information recorded is better 3 with frequent and accurate recording of parameters independent of the anaesthetist's activities, and this process continues without the anaesthetist having to be distracted from the patient and the important role of vigilance. 5 Automating the anaesthetic record is at present expensive. Until the problems of entering drugs and housekeeping information have been overcome it remains a research interest since it is doubtful if the accurate recording of physiological data alone is sufficient to justify the cost.
